Students of many engineering colleges in Telangana are affiliated to universities. Examination branch collects data of internal evaluation and university external exam, and finally these two results are added to determine the semester academic evaluation and to know the grade of position in the academic credits rating. In this paper, these three steps of results are fit to normal distribution. Further, transformation to standard normal are done. The advantages of obtaining future predictions of performance of this batch are possible and remedial classes or improvement plans for estimated students can be planned. This distribution can also be used for normalizing difficult exams to improve the results and see changes in the distribution. Simulation is done with excel calculations.
INTRODUCTION
In today's world of open access information, with total learning possible on any subject, a qualification certificate with the time, money and effort should be questioned by students, parents and the college or university providing the course. The advantage of a programme is the rigor of the structured teaching, relative evaluation of a large group of students evaluated, reported and credited for their performance over a period of a semester. This evaluation needs to be accurate, precise, transparent & relative to give credits and marks indicating a group's performance.
As an effort in this area, UK NARIC [1] launches increasing transparency of access qualifications for higher education program in 2004 at Cheltenham, England. The aim of this program was to evaluate European higher education system, to include as many countries, around the world, as possible for continuous improvements of the output for society performance and improvement. The pilot project was meant to drive other nations to provide data based evaluation and comparison with statistical basis, to assist admissions to the universities across Europe and avoid migration to other countries and to evaluate the European credit and grade system. Distribution, was used to evaluate grade system, and evaluation of removing lower grade affect was seen to be worth considering. In this report it was proposed that, AAA in top grade boundary has 1 2 3 4 UEE -99. 48% 5 By removing the fail grade '5' of qualification X, the number of students falls by 10%. Using the constant 99.48 from the base data, it is possible to divide the total percentage of students who achieve the minimum required A-level grades (99.48) by the total percentage of students who pass qualification X 99.48, 1.1053333. . . =90. Also, it was concluded that the distribution study revealed very little variation in the results as similarity in cumulative distributions were maintained. The authors of [2] , have created an algorithm for students exam result data analysis. They have incorporated data from admission, results through the programme and beyond. They have also referred [3] [4] [5] [6] the algorithms used for school results analysis in different places like USA and UK. Many colleges & universities like in [7] , evaluate the results for basic comparisons, & segregate using histograms, data tables and graphs for quick review for reports and decision making. Schools in China [8] with largest number of students population also provide analysis related to this. Final marks  1  9  45 60  89  55  133 32  177 40  221 57  2  21  46 46  90  41  134 60  178 61  222 26  3  45  47 59  91  55  135 27  179 43  223 32  4  55  48 48  92  44  136 54  180 60  224 Author evaluated under graduate engineer's course on materials research methods and the difficulty of the question paper with respect to the results. Analysis had histograms for each level of difficulty.
In this study, an engineering college affiliated to an university results were evaluated and reported. The results of a course, FLAT, of second year students of 235 strength are reported. This is a 2 nd year II semester course for CSE, Computer Science Engineers. There are two internal midterm tests, with university objective papers, internal subjective papers and assignments, all adding to internal marks of 25. Next, the students write an university exam for 75 marks, this data is referred to as external exam results. In the external exam, student should get minimum 26 out of 75 to be eligible to pass the course. Finally, university adds these test results and gives a final marks for the course for 100 marks, the pass mark is 40 out of 100. For an undergraduate course, FLAT, for 2 nd year 2 nd semester computer science engineers data of the class of 235 students final marks is shown in table 1. All three, internal, external & final results marks of random variables, x, fit into normal, Gaussian distribution. Next, it is shown that the transformed data into standard form, of Z variables also form normal distribution as expected. Symmetry of normal distribution & inflexion points are shown. The final results if university needs to normalize, by adding constant marks say, 5 or 10, it is added to the final marks which is shown that the distribution remains same. This work will be useful for many institutes & universities to analyze, and see probability of pass students for each course program in statistically valid method. Further work is going on in applying central limit theorem & test of hypothesis to validate predictions for sub groups in the class. All the calculations are done by simulation in excel.
NORMAL DISTRIBUTION
Gauss has seen the frequency distribution of many naturally varying parameters like height, weight of humans etc. and classified it as an exponential function. [9] This distribution was symmetric about the mean, had the shape of a bell and was also popular as "Bell Curve". If random variable, x has a mean, µ and a standard deviation, σ and variance σ is 2, the function of the frequency of occurrence or the probability density, f(x) is defined as:
In the present study, x is the marks of each of the 235 students of CSE department, 2 nd year 2 nd semester. Marks are for a course called FLAT. When this data of marks for internal, external and final were evaluated, the data forms the normal distribution. The x axis of this is variable x, y axis is the frequency distribution, f(x) and the shape of the distribution is a Bell curve of Gaussian natural variation, which are also defined here in the form of normal distribution.
NORMAL DISTRIBUTION FOR X OR STANDARD NORMAL FOR Z
Further, the normal distribution variable of x may be transformed, to a variable Z where Z is a function of variable x, it's mean µ and standard deviation σ .
This form of transformation is useful in calculating the probability. In the standard normal distribution, the mean gets shifted to zero, µ = 0 and standard deviation to one, σ = 1. The probability function now becomes φ (x) for this distribution. The advantage of this form is that standard tables are available and can be used for calculating any value. In this study for example, we can estimate the number of students who have attained more than 14/25 in internal exams; more than 26/75 in external exams or more than 40/75 in final exams. The general value of x is between −∞ and ∞. However for the data selected, the values of x(internal marks) is 0 to 25; the values of x(exernal marks) is 0 to 75 and the values of x(final marks) is 0 to 100 Table 2 .Probability from the distribution curve Distance Normal Distance in standard Normal % Probability of occurrence (Area under curve) µ -σ to µ +σ -1 to 1 68.26 µ -2σ to µ +2 σ -2 to 2 95.44 µ -3σ to µ +3 σ -3 to 3 99.73
The probability distribution of / 0(z) vs z will give the probability distribution of the standard random variable, z. The area under the curve −∞ < z < ∞ is equal to 1. As it is symmetric, it is distributed 0.5 on each side. The area in % can be given as in table 2.
The requirements for the exam analysis is to find out how many are above 14 marks in internal exams, above 26 in external exams & above 40 in final exams.
INFLEXION POINT IN BELL CURVE
For standard normal distribution, inflexion calculation is taken as x instead of z. For the Bell curve, the slope of probability density curve comes down very fast up to z =1=σ and then there is inflexion, change. For a normal distribution, if mean µ is the central point, then µ − σ and µ + σ are the inflexion points, where the slope of the continuous curve changes. Inflexion can be calculated for normal frequency distribution with variable x or for the standard normal distribution / 0(x), with µ =0 and σ =1, which is done in the equations below. For inflexion point, / 0 2 (x)=0, and / 0 3 (x) not equal to zero.
From equation (7), to obtain the inflexion point, equate the RHS to zero. / 0 (x) = 0 gives us x 2 − 1 = 0, which gives x = −1 and +1. For standard normal, Z = −σ and +σ are the inflexion points where the slope changes and becomes slower as in a Bell.
ANALYSIS & DISCUSSION
The class of 235 students of 2 nd year 2 nd semester in computer science engineering is taken for internal exams conducted by institute & university evaluated by institute staffs; external exam conducted by university and evaluated by staffs from all affiliated colleges; final marks are an addition of these two exam results. Table 1 gives the 235 students final marks, similarly, internal and external marks are available for a CSE course FLAT.
The data of all students, N=234, internal marks evaluated for a total of 25, are in excel to obtain mean, µ = 17.56 and standard deviation, σ = 3.55. These values are evaluated for each student marks, x, to obtain the frequency distribution, f(x) given in equation (1) . The distribution gives a normal distribution as shown in figure  1 . A student, if he gets more than 14 marks out of 25 he has a possibility to pass as he needs to obtain a minimum of 26 marks out of 75 from external marks to finally fetch a sum of 40 out of 100 marks of total final results.
Figure 1.Distribution of internal marks
External exams are conducted by the university for 75 marks, examination paper circulated to different colleges where exams are held. These papers are commonly evaluated by staffs who taught this subject and reported. The data of all students, N=235, external marks evaluated for a total of 75, are in excel to obtain mean, µ = 26.4 and standard deviation, σ = 13.86. These values are as done for internal marks. The distribution gives a normal distribution as shown in figure 2 . A student if he gets more than 26 marks out of 75 he has a possibility to pass as he needs to obtain a minimum sum of 40 out of 100 marks of total final results.
Figure 2.Distribution of external marks
Final marks for all 235 students is obtained by summing the internal and external marks. These are shown in table 1. Similar tables were available for both internal and external marks. Again the same procedure to fit the data to normal distribution of final marks is done. From the data of all students, N=235, mean, µ = 43.96 and standard deviation, σ = 15.75. The frequency distribution gives a normal distribution as shown in figure 3 . A student if he gets more than 40 out of 100 marks of total final results, would be declared pass. 
STANDARD NORMAL DISTRIBUTION:
Once the data, x, is found to be of normal distribution, it can be transformed to the standard normal distribution, which has µ = 0 and σ = 1. This transformation is obtained by defining z as in equation (2). Using these values of z, µ & σ , the standard normal function of probability density, φ (z) is obtained, using equation (3) . Again the range of z here can be −∞ < z < ∞. Standard tables give the area under the curve which gives the probability of occurrence of that event. Figure 4 gives the standard normal distribution for internal exam marks. Our interest is to find the probability of students who gets more than 14/25. In equation (2), x is used as 14 and z is evaluated as -1.08. From z using equation (3), these results are summarized in table 3. The area under the standard normal from −∞ to -1.08 is .14; that is 14% of students obtained below 14 marks in the internal exams. As total area under the distribution is probability, P, of all events of results, P=1-.14 = 0.86 gives 86% of students have obtained above the defined 14 marks. The data from N=235 students for internal marks gives N*P =201 students obtaining more than 14/25 from standard distribution from actual data it is 220 and the difference % of these two values, defined as error of normal fit to the data will be 8.6%. Figure 4 .Standard normal distribution of internal marks Figure 4 gives the standard normal distribution for internal exam marks. As our interest is to find the probability of students getting more than 14/25. In equation (2), x is used as 14 and z is evaluated as -1.08. From equation (3) Z is calculated and all values are obtained from standard normal table, or Z table, these results are summarized in table 3. The area under the standard normal from −∞ to -1.08 is .14; that is 14% of students obtained below 14 marks in the internal exams. As total area under the distribution is probability, P, of all events of results, P=1-.14 = 0.86 gives 86% of students have obtained above the defined 14 marks. The data from N=235 students for internal marks gives N*P =201 students obtaining more than 14/25 from standard normal distribution. From actual data it is 220 and the difference % of these two values, defined as error of normal fit to the data will be 8.6%. Figure 5 .Standard normal distribution of external marks Figure 5 gives the standard normal distribution for external exam marks. Our aim is to find the probability of students getting more than 26/75. In equation (2), x is used as 26 and z is evaluated as -0.29. Negative sign indicates that less than 50% of students have obtained below 26 marks and more than 50% have obtained above 26 marks. Using equation (3) value of Z is obtained, these results are summarized in table 3. The area under the standard normal from −∞ to -.029 is .488; that is 48.8% of students obtained below 26 marks in the external exams. As total area under the distribution is probability, P, of all events of results, P=1-.488= 0.512 gives 51.2% of students have obtained above the required 26 marks. The data from N=235 students for internal marks gives N*P =120 students obtaining more than 26/75 from standard distribution. From actual data, it is 159 and the difference % of these two values, defined as the error of normal fit to the data will be 24.5%. This fit has high error and the students have not performed to fit properly to a normal distribution in the external exam. Figure 6 gives the standard normal distribution for final marks. Our interest is to find the probability of students getting more than 40/100. In equation (2), x is used as 40 and z is evaluated as -0.25. Using equation (3) value of Z is obtained, these results are summarized in table 3. The area under the standard normal from −∞ to -.029 is .401; that is 40.1% of students obtained below 40 marks in the external exams. As total area under the distribution is probability, P, of all events of results, P=1-.401= 0.598 gives that 59.8% of the students have obtained above the required 40 marks. The data from N=235 students for final marks gives N*P =140 students obtaining more than 40/100 from standard distribution. From actual data it is 158 and the difference % of these two values, defined as error of normal fit to the data, will be 11.4 %. This fit is assumed to be a medium fit of the data to a normal distribution. The main aim is to make the data fit better by assuming that the normal distribution is a correct representation of students appearing for exams to test their natural ability to understand, learn and write as per the exam pattern. Also, there could be examination questions which are out of syllabus, set tougher than a standard of university, or due to some external disturbances during the semester. Such causes might require some corrections to normalize the final marks. With these assumptions, two cases were seen adding 5 marks in case 1 and 10 marks in case 2. Results of the analysis are added in table 3. The mean shifts by the added marks, µ of final exam of 43.96 becomes 48.96 and 53.96 respectively. However, the standard deviation, σ , remains unaltered at 15.75 for all cases. It means the shape of the normal distribution remains unaltered as in figures 7 & 8. The fitment of data to normal distribution becomes very good with 3.6% error, when 5 marks are added and becomes an excellent fit with 1.6% error when 10 marks are added.
FURTHER WORK
Works have to be made to study skewness and kurtutiosis of the distribtion, to extend the class performance in other courses of same semester, to note semester-wise students performance and to compare groups of girls to boys, hostel to non-hostel and management to conveynor.
A larger population of university data is required to define the overall results and comparisons with different colleges.
Comparison requires test of hypothesis and segregation of data. Central limit theorem applies to smaller samples in a normally distributed population.
CONCLUSION
Data of one course FLAT for internal exams, external exams & final exams have shown that the distribution is a proper selection, which fit to normal distribution. Data was transformed to standard normal for obtaining probability estimates from standard tables. Error estimate of fit is 8.6 to 24.5 to 11.4. Addition of marks improved the error of data to normal distribution. Any revision, addition or normalizing is also shown to follow same distribution with a shift in mean and same standard deviation. 
